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ABSTRACT 



Methods and apparatus for wireless communication in sys- 
tems such as omni-beam and nar row-beam fixed wirel ess 
l oop (FWL) system s. In a first technique in accordance with 
the invention, referred t g_ as code division duple x (CDD) 
t ime-slott ed CDMA , upl ink and dowrilink portion s of the 
sys tem are separa ted using code division duplexing, while 
thejisers within a given cell are also separated using codes, 
e.g., usin g time-slotted C DMA. In a second techni que in 
acco rdance with the invention , referr ed to as time aivision 
d uplex (T pl!)') ti me-slotted CDMA, u plink and down link 
portions of the system are separated using time division 
d uplexing , e.g. , time s lots, while the users in a given j« 11 are 
separated using codes, e.g., time-slotted CDMA. Both the 
C DD an d TDD techniq ues may mak e use o f an electroni- 
cally-stee red beam which is designed to provide simu lta 
neo us coverage withi n a given cell for two or more users 
separated by codes. In a third technique in accordance with 
the invention, referred to as orthogonal fr equency divisi on 
m ultiplexing (OFDM), u plink and downlink portions of t he 
syst em are s epara ted in frequency , while the users are , e.g., 
also separated in frequency. 
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METHODS AND APPARATUS FOR WIRELESS 
COMMUNICATION USING ORTHOGONAL 
FREQUENCY DIVISION MULTIPLEXING 

RELATED APPLICATIONS 

[0001] The present application is related to the following 
U.S. patent applications, both filed concurrently herewith in 
the name of inventor Syed Aon Mujtaba: U.S. patent appli- 
cation entitled "Methods and Apparatus for Wireless Com- 
munication Using Time Division Duplex Time-Slotted 
CDMA," and U.S. patent application entitled "Methods and 
Apparatus for Wireless Communication Using Code Divi- 
sion Duplex Time-Slotted CDMA." 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to commu- 
nication systems, and more particularly to wireless commu- 
nication systems such as code division multiple access 
(CDMA) systems for fi xed wireless loop (FWL) and other 
applications. 

BACKGROUND OF THE INVENTION 

[0003] FIG. 1 shows a portion of a conventional omni- 
beam FWL syst em 10. The portion of system 10 shown 
includes four hexagonal cells 12-1, 12-2, 12-3 and 12-4, 
each with a corr esponding base station 14-1. 14-2, 14-3 and 
14-4, and a subscriber unit 16. The system 10 will generally 
include nu merous additional cel ls, base stations an d sub- 
scri ber unit s configu red in a similar mann er. It is assumed in 
this system that the base stations are equipped with omni- 
directional antennas, and that the positions of the subscriber 
units are fixed. The base station 14-3 of FIG. 1 is in 
communication with the subscriber unit 16 in cell 12-3, e.g., 
for providing a communication channel for an on-going 
voice or data call. The omni-beam FWL system 10 may be 
configured using a number of different techniques. 

[0004] FIG. 2 shows an example of how the omni-beam 
FWL system 10 may be implemented using a time division 
mul tiple acce s s (TP MA) technique such as that used in the 
Digital European Cordless Telephone LDECT ) standard. In 
accordance with this TDM A technique, different frequencies 
are used for the different cells, such that among the cells, 
users are separated in frequency. A suitable frequency reuse 
pattern, e.g., a s even-cell he xagonal reuse pajlern, may also 
be used in order to limit the number of different frequencies 
required. Within a given cell, users are separated in time 
through the use of a sequence of time slots 20, including 
time slots 22-1, 22-2, . . . 22-N. The system 10 may also be 
implemented using a code division multiple access (CDMA) 
technique. In accordance with this technique, the same 
frequencies but different codes are used for each of the cells, 
such that the codes are used to separate users in different 
cells and within a given cell. Some frequency separation 
may also be used in conjunction with the code separation in 
order to reduce interference from other cells. Additional 
details regarding conventional CDMA systems are described 
in, for example, Andrew J. Viterbi, "CDMA: Principles of 
Spread Spectrum Communication/* Addison -Wesley, 1995, 
which is incorporated by reference herein. Other conven- 
tional CDMA systems are described in, for example, TIA/ 
EIA/IS-95A, "Mobile Station— Base Station Compatibility 
Standard for Dual-Mode Wideband Spread Spectrum Cel- 
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hilar System," June 1996, and ANSI J-STD-008, "Personal 
Station — Base Station Compatibility Requirements for 1.8 
to 2.0 GHz Code Division Multiple Access (CDMA) Per- 
sonal Communication Systems," both of which are incor- 
porated by reference herein. 

[0005] FIG. 3 sho ws a conventional narrow-beam _F WL 
s ystem 30 . The portion of system 30 shown includes four 
hexag onal cells 32-1, 32-2, 32-3 and 32-4 , each with a 
corr esponding base station 3 4-1, 34*2, 34-3 and 34-4. In this 
sy stem, it is again assumed t hat the positions of the sub- 
scriber units are fixed . The base stations in system 30 are 
equipped with directional antennas which generate narrow 
beams 36. At any given tir np, nn1 Y fl s ubset of the to tal 
nu mber of beams in the system is acti ve, i.e., communicat- 
ing with users. The beams 36 are made as narrow as possible 
in order to target only a single user, and thereby minimizing 
inter-cell interference. In order to provide an increased 
capacity, the system 30 may be configured such that all cells 
use the same frequencies, i.e., a frequency reuse factor of 1. 
FIG. 4 shows an alternative implementation in which a 
given cell 42-i includes nine electronically-steerable narrow 
beams 46. The beams 46 are separated into three sectors, 
each including three beams designated 1, 2 and 3. This 
provides a more manageable hopping pattern, e.g., turning 
on a designated single beam within each sector at any given 
time. 

[0006] FIGS. 5 and 6_ illustrat e^ the difference betw een 
sect orization and steerable beams in a na rrnw-hpam system 
such a^system^flLof-FIG. 3, which assumes a freque ncy 
reuse factor of 1. FIG. 5 shows a pair of sectorized cells 50-1 
ancf50-2 having base stations 52-1 and 52-2, respectively. In 
this example, a beam 53 from one of six sectors of the cell 
50-1 and abeam 55 from one of the six sectors of the cell 
50-2 will generate co-channel, i.e., intefccfijl, interference. If 
th e beams are sectorized but not steerable, then it is gener- 
ally not possible to mitigate this type of co-channe linter- 
feren ce~adaptively unless the sectors are separated in fre - 
q uency. J jXG. 6 shows an arrangement in which a pair of 
cells 60-1 and 60-2, via respective base stations 62-1 and 
62-2, generate sectorized and steerable beams. It can be seen 
that, as illustrated by the relative positions of steerable 
beams 63 and 65, that such an arrangement can be used to 
provide adaptive mitigation of co-channel interference. 

[0007] FIG. 7 illustrates a conventional technique for 
se parating uplink (U P and downlink (PL ) tra ffic for a gi ven 
antenna beam in an omni-beam or narrow-beam system. In 
this technique, an uph'nk_channej 12 v and a downlink 
channel 72 D are separated in frequency as shown, i.e., 
frequ ency division duplexi ng (FDD) is used to separate 
uplink and downlink traffic. Users of the uplink and down- 
link channels 72U and 72c, are separated in time, using 
sequences of time slots 74-1, 74-2, 74-3 ... and 76-1, 76-2, 
76-3 . . . , respectively. 

[0008] The conventional techniques described above suf- 
fer from a number of disadvantages. For example, it is 
generally very difficult to generate n arrow beams targeted to 
singlfijufiers, as in the narrow-beam EWL system 3 0 of FIG. 
3. In addition, narrow he ams of t^is, t ype are su sceptible to 
incre ased interference from effects such as sh adowing and 
problematic sidelobes. Use of narrow beams in conjunction 
with a TDMA techniq ue within a ^given cell can lead to 
catastrophic interference. For example, if beams from adja- 
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cent cells overlap, there is catastrophic interference since the 
signals are neither separated in frequency nor in time among 
the different cells, but are instead separated in the spatial 
domain. In a high density environment, this limitation can 
severely restrict capacity. Another problem is that conven- 
tional FDD techniques, such as those used to separate uplink 
and downlink in FIG. 7, generally cannot adaptively 
tradeoff capacity between uplink and downlink. As a result, 
these FDD techniques are generally not well suited for use 
with, e.g., data-oriented wireless services. It is apparent from 
the foregoing that further improvements are needed in 
wireless communication techniques in order to overcome 
these and other problems of the prior art. 

SUMMARY OF THE INVENTION 

[0009] The invention provides apparatus and me.thods for 
wireless communication in fixed wireless loop (FWL) and 
o foer typ es- of systems in whic h, e.g., in formation is com- 
municated in a given cell of the system betw^giLsubscriber 
u nits an d a b ase station over an uplink _and a downlink . In 
accordance w ith a fir ^ aspect nf t^e invent ion T a code 
divi sion duplex (CDD ) ti me-slotted CDMA wireless com- 
municjUon_system is provided. Communications on the 
uplink_are_separated from communications on the downlink 
using code divisio n dTp 1pYin g, and communications with 
different subscriber units in the cell are separated using a 
cod e division mul tiple access technique, e.g., time-slotted 
CDMA. The code division duplexing may be implemented 
by, e.g., assigning a first subset of a set of codes to the uplink 
and a se cond subset of the set of codes to the downlink. The 
code assignment process may be repeated for different time 
slots, such that the number of codes in the first and second 
subsets varies across the time slots in accordance with 
uplink and downlink traffic demands. The system may 
utilize electronically-steered beams generated by antennas 
associated with the base stations. Any particular beam at a 
given time may have a width sufficient to provide simulta- 
neous coverage for at least n of the subscriber units at that 
time, where n is greater than or equal to two. The n 
subscriber units are assigned different codes as part of the 
code division multiple access technique. 

[0010] In accordance with another aspect of the invention, 
a time division duplex (TDD) time -slotted CDMA wireless 
communication system is provided. Communications on the 
uplink are separated from communications on the downlink 
using time division duplexing, and communications with 
different subscriber units in the cell are separated using a 
code division multiple access technique, e.g., time-slotted 
CDMA. The time division duplexing may be implemented 
by, e.g., assigning a first subset of a set of time slots to the 
uplink and a second subset of the set of time slots to the 
downlink. The time slot assignment process may be imple- 
mented such that the assignment of time slots to uplink and 
downlink is varied in accordance with uplink and downlink 
traffic demands. A TDD time-slotted CDMA system in 
accordance with the invention may also make use of the 
above- noted electronically -steered beams, each having a 
width sufficient to provide simultaneous coverage for at least 
n subscriber units at a given time. 

[0011] In accordance with another aspect of the invention, 
an orthogonal frequency division multiplexing (OFDM) 
wireless communication system is provided Communica- 
tions on the uplink are separated from communications on 



the downlink using OFDM. Subscriber units in the cell are 
separated using, e.g., code division multiple access, time 
division multiple access, frequency division multiple access 
or combinations of these and other techniques. The OFDM 
may involve, e.g., assigning a first subset of M OFDM 
carriers to the uplink and a second subset of the M carriers 
to the downlink. The carrier assignment process may be 
repeated for different time slots, such that the number of 
carriers in the first and second subsets varies across the time 
slots in accordance with uplink and downlink traffic 
demands. 

[0012] The invention provides improved performance in 
wireless communication systems, particularly in applica- 
tions involving heterogeneous traffic, e.g., mixed voice and 
data traffic, and other applications in which uplink and 
downlink capacity requirements are subject to large fluctua- 
tions. The invention is particularly well suited for use in 
applications such as omni-beam and narrow-beam FWL 
systems, although it can provide similar advantages in 
numerous other wireless communication applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 shows a portion of a conventional omni- 
beam FWL system. 

t 

[0014] FIG. 2 illustrates a conventional TDMA technique 
for use in the FWL system of FIG. 1. 

[0015] FIG. 3 shows a portion of a conventional narrow- 
beam FWL system. 

[0016] FIG. 4 illustrates an example of sectorization in a 
narrow-beam FWL system. 

[0017] FIGS. 5 and 6 illustrate distinctions between con- 
ventional sectorized and steerable beams. 

[0018] FIG. 7 illustrates a conventional technique which 
utilizes frequency division duplexing (FDD) to separate 
uplink and downlink and a TDMA technique to separate 
users. 

[0019] FIGS. 8 and 9 illustrate a code division duplex 
(CDD) time-slotted CDMA technique in accordance with 
the invention. 

[0020] FIG. 10 illustrates a time division duplex (TDD) 
time-slotted CDMA technique in accordance with the inven- 
tion. FIG. 11 illustrates an orthogonal frequency division 
multiplexing (OFDM) technique in accordance with the 
invention. t 

[0021] FIGS. 12 and 13 show a downlink transmitter and 
a downlink receiver, respectively, for implementing the 
OFDM technique of FIG. 11. 

[0022] FIGS. 14 and 15 show an uplink transmitter and an 
uplink receiver, respectively, for implementing the OFDM 
technique of FIG. 11. 

[0023] FIGS. 16 and 17 show a multi-code CDMA trans- 
mitter and a multi-code CDMA receiver, respectively, in 
accordance with the invention. 

DETAILED DESCRIPTION OF THE ' 
INVENTION 

[0024] The present invention will be illustrated below in 
conjunction with exemplary wireless communication sys- 
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terns and communication techniques. It should be under- 
stood, however, that the invention is not limited to use with 
any particular type of communication system, but is instead 
more generally applicable to any wireless system in which 
it is desirable to provide improved performance without 
unduly increasing system complexity. For example, it will 
be apparent to those skilled in the art that the techniques are 
applicable to omni-beam and narrow-beam fixed wirele ss 
loop_(EWL) systems, CDMA systems, as well as to other 
typ es nL wideba nd and narrowband wire lessjy stems. The 
ter m "subscriber unit;' as used Herein is intended to include 
fixed terminals such as fixed wireless ins tall al 1 '""*, mobi le 
term inals s uch as cellula r telepho nes an d porta ble co mput- 
ers, as well as other type s of s vsiem_ terminals. The term 
"se parat ing"' as applied, e.g., to uplink and downlink or 
subscriber unitsJnT gvep cell of a system, refers gen erally 
to implementing the system such that interference between, 
e. ^Tthe uplink^and d ownlink or the s ubscriber units, is 
re duce d ^minimizcd, orxliminated. 

[0025] The invention provides a number of communica- 
tion techniques for overcoming the above-noted problems of 
the prior art. The techniques differ in terms of the manner in 
which uplink and downlink portions of the system are 
separated, and/or the manner in which users are separated 
within a given cell. As noted previously, conventional tech- 
niques generally separate uplink and downlink portions of 
the system using frequency, e.g., FDD as shown in FIG. 7, 
and separate users within a given cell using, e.g., time slots 
as shown in FIG. 7 or codes. In a first technique in 
accordance with the invention, referred to herein as code 
division duplex (CDD) time -slotted CDMA, uplink and 
downlink portions of the system are separated using codes, 
while the users are also separated using codes. In a second 
technique in accordance with the invention, referred to 
herein as time division duplex (TDD) time-slotted CDMA, 
uplink and downlink portions of the system are separated 
using time slots, while the users are separated using codes. 
In a third technique in accordance with the invention, 
referred to herein as orthogonal frequency division multi- 
plexing (OFDM),uplink and downlink portions of the sys- 
tem are separated in frequency, while the users are also 
separated in frequency. Each of these techniques will be 
described in greater detail below. 

[0026] An illustrative embodiment of the CDD time- 
slotted CDMA technique of the invention will be described 
with reference to FIGS. 8 and 9. FIG. 8 shows a single cell 
80-1 of a wireless system. The cell includes a base station 
82-1 and a number of subscriber units 84. As shown, a single 
antenna beam 86 generated by the base station 82-1 is 
directed to several subscriber units, i.e., five subscriber units 
in this example. The beam 86 is approximately 40° wide, 
such that there will be a total of nine beams generated in 
each cell. The additional beams are omitted from FIG. 8 for 
clarity of illustration. It is also assumed that the beams in the 
cell 80-1 and the other cells of the corresponding system are 
electronically steerable. The beam 86 in FIG. 8 is purposely 
made wider than the typical single-user narrow beam in a 
conventional system such as system 30 of FIG. 3, in order 
to target more than one subscriber unit. Although the beam 
86 is broader than, e.g., the beam 63 or 65 in FIG. 6, it can 
be configured to span a smaller portion of its sector. Within 
a given cell, such as cell 80-1, users are separated by codes, 
i.e., assigned different codes to prevent the users in the beam 
86 from interfering with one another. Among adjacent cells, 



users are also separated by codes. Thus, when beams from 
adjacent cells collide, the interference will not be cata- 
strophic since the users in adjacent cells are separated by 
codes. Standard CDMA techniques, such as those described 
'in the above-cited CDMA references, may be used to 
separate the users within a cell and among adjacent cells. 
The technique is "time-slotted" in that the beams are steer- 
able, such that different beams can be activated in different 
time slots, and may also be referred to as "discontinuous- 
transmission" CDMA. 

[0027] FIG. 9 shows an exemplary CDD mechanism 
suitable for use in the CDD time-slotted CDMA technique of 
the invention. In this embodiment, the CDD mechanism is 
implemented by using different codes for the uplink and 
downlink portions of the system. For example, as shown, the 
uplink uses code N, code N-l, etc., while code 1, code 2, 
etc., are used for the downlink. The boundary 90 between the 
uplink codes and the downlink codes is variable, such that 
the capacity allocated to uplink and downlink can be adap- 
tively altered to account for demand variations. For 
example, the boundary 90 can vary for each time slot, or for 
each group of a predetermined number of time slots. 

[0028] The CDD time-slotted CDMA technique described 
above provides a number of advantages over conventional 
techniques. For example, a system implemented using such 
a technique does not require an unduly narrow beam 
designed to target a single subscriber unit. In addition, 
uplink and downlink can be traded off by reassignment of 
uplink and downlink codes, and an efficient closed loop 
power control process can be maintained since both the 
uplink and downlink can be on the same frequency. A fixed 
quality of service (QoS) can be provided for a given user by 
utilizing the same uplink-downlink code boundary for each 
slot assigned to that user. Moreover, the variable boundary 
makes it easier to accommodate variable rate users, e.g., 
through multicode or variable rate spreading, and to transmit 
heterogeneous traffic, e.g., voice and data traffic. t 

[0029] FIG. 10 illustrates a TDD time-slotted CDMA 
technique in accordance with the invention. This technique 
is the same as the CDD time-slotted CDMA technique 
described in conjunction with FIGS. 8 and 9, except that a 
different duplexing mechanism, i.e., a time division rather 
than code division technique, is used to separate the uplink 
and downlink portions of the system. FIG. 10 illustrates the 
duplexing used in the TDD time-slotted CDMA technique. 
One or more of the time slots are assigned to the downlink, 
while others are assigned to the uplink. The assignment of 
time slots to uplink or downlink may be varied adaptively, 
so as to accommodate variations in uplink and downlink 
traffic demands. The other aspects of the system are other- 
wise the same as in the CDD time-slotted CDMA technique, 
i.e., beams of the type described in FIG. 8 may be used, and 
users are separated within a given cell and among adjacent 
cells through the use of codes. 

[0030] FIG. 11 illustrates an OFDM technique in accor- 
dance with the invention. In this technique, duplexing 
between the uplink and downlink portions is performed 
adaptively in the frequency domain, using orthogonal fre- 
quency tones, rather than the conventional FDD as described 
in conjunction with FIG. 7. This technique allows for 
asymmetric uplink and downlink capacity. As shown in 
FIG. 11, a downlink portion 102 and an uplink portion 104 
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are separated in frequency by a variable boundary 106. 
There are a total of M orthogonal frequency tones 110 in the 
band of interest. In the FIG. 11 example, tones 1 through k 
are assigned to the uplink portion 104, while tones k+1 to M 
are assigned to the downlink portion 102. Unlike the con- 
ventional FDD technique, this OFDM technique allows 
frequencies to be assigned adaptively between uplink and 
downlink in order to accommodate variations in demand. 
Within a given cell, uplink and downlink portions may be 
separated, e.g., in the discrete Fourier transform (DFT) 
domain based on assignment of OFDM carriers. Users 
within a given beam can be separated, e.g., by using different 
time slots or different codes, or other suitable techniques. 
Users separation among different beams of a given cell may 
be implemented using different codes. Among adjacent cells, 
frequencies or codes may be used to separate the various 
users. 

[0031] Io the OFDM technique of FIG. 11, appropriate 
timing synchronization is generally required between the 
base station and the subscriber unit in order to maintain tone 
orthogonality. This timing synchronization can be easily 
achieved through a "sync" control channel transmitted by 
the base station to the subscriber unit. Frequency synchro- 
nization is also generally required between the base station 
and the subscriber unit. Since the subscriber unit in the 
illustrative embodiment is fixed, there is no frequency offset 
due to Doppler effects. Hence, frequency synchronization in 
such a system can be implemented in a straightforward 
manner. Accurate power control is also generally required 
between the base station and the subscriber unit. Again, 
since the subscriber unit is fixed, the time variation of the 
wireless channel is very slow, which allows for straightfor- 
ward implementation of accurate power control. 

[0032] FIG. 12 shows a downlink, i.e., base-to-subscriber, 
transmitter 120 in accordance with the invention, suitable 
for use with the OFDM technique of FIG. 11. The trans- 
mitter 120 includes an inverse DFT (IDFT) or inverse fast 
Fourier transform (IFFT) element 124, a parallel-to-serial 
converter 126, and multipliers 128, 130 and 132. The M 
orthogonal frequency tones are applied to the IDFT or IFFT 
element 124. The first k of the M tones, which are assigned 
to the uplink portion 104, contain no data, e.g., all zero 
levels. Tones k+1 to M, which are assigned to the downlink 
portion 102, contain the downlink data, e.g., +1 and -1 
levels. The element 124 generates the inverse transform of 
the M applied tones, and its output is supplied to the 
parallel-to-serial converter 126. The serial output of con- 
verter 126 is supplied to multiplier 128 in which the serial 
output is multiplied by a user-specific spreading code. The 
multiplier 128 is shown in a dashed box to indicate that it is 
an optional element. It presence will depend on whether the 
users in a beam are separated using codes, i.e., multiplier 
128 will be present if the users in a beam are separated using 
codes. The output of the multiplier 128 is then multiplied by 
a sector-specific spreading code in multiplier 130, and the 
resulting signal is modulated onto a carrier corresponding to 
frequency co 0 in multiplier 132. The output of multiplier 132 
is a downlink signal which is transmitted from the base 
station to a subscriber unit. 

[0033] FIG. 13 shows a corresponding downlink receiver 
140 which may be implemented in the subscriber unit. The 
receiver 140 demodulates the received downlink signal 
using multiplier 142, and the demodulated signal is low-pass 



filtered using integrator 144. The filtered signal is de-spread 
by multiplying it by the sector-specific spreading code in 
multiplier 146, and summing in a sum element 148. If 
necessary, i.e., if the users in a beam are separated using 
codes, the output of sum element 148 is multiplied by the 
user-specific spreading code in multiplier 150 and then 
summed in a sum element 152. Otherwise, the elements 150, 
152 may be eliminated and the output of sum element 148 
is applied directly to a serial-to-parallel converter 154. The 
parallel outputs of the converter 154 are applied to a DFT or 
FFT element 156, which performs a DFT or FFT operation 
to recover the M tones. The first k tones, assigned to the 
uplink, do not include downlink data and are therefore 
discarded. The downlink data is present on tones k+1 to M. 

[0034] FIGS. 14 and 15 show an uplink, i.e., subscriber- 
to-base, transmitter and an uplink receiver, respectively, for 
implementing the OFDM technique of FIG. 11. The uplink 
transmitter 220 of FIG. 14 includes an IDFT or IFFT 
element 224, a parallel-to-serial converter 226, an optional 
user-specific spreading code multiplier 228, a sector-specific 
spreading code multiplier 230, and a multiplier 232 for 
modulating the downlink signal onto a carrier. These ele- 
ments operate in substantially the same manner as the 
corresponding elements of the downlink transmitter 120 of 
FIG. 12, but the uplink data is applied to the first k tones, 
while tones k+1 through M contain no data. The output of 
multiplier 232 is an uplink signal which is transmitted from 
a subscriber unit to a base station. FIG. 15 shows the 
corresponding uplink receiver 240 which may be imple- 
mented in a base station. The receiver 240 includes a 
demodulating multiplier 242, an integrator 244, a sector- 
specific spreading code multiplier 246 and associated sum 
element 248, an optional user-specific spreading code mul- 
tiplier 250 and its associated sum element 252, a serial-to- 
parallel converter 254, and a DFT or FFT element 256. 
These elements operate in substantially the same manner as 
the corresponding elements of the downlink receiver 140 of 
FIG. 13, but the uplink data is present on the first k tones, 
while the tones k+1 through M do not include uplink data 
and are discarded. 

[0035] FIGS. 16 and 17 show amulti-code CDMA trans- 
mitter 300 and amulti-code CDMA receiver 400, respec- 
tively, in accordance with the invention. The transmitter 300 
and receiver 400 are suitable for use with, e.g., the above- 
described CDD time-slotted CDMA and TDD time-slotted 
CDMA techniques of the invention. In the transmitter 300 
and receiver 400, it is assumed that there are a total of N 
spreading codes per beam in a given sector or cell of the 
system. The transmitter 300 receives N input signals in 
corresponding beam-specific code multipliers 302-i, i=l, 2, 
. . . N. The outputs of the multipliers 302-i are summed in 
element 304, and then multiplied by a sector-specific spread- 
ing code in multiplier 306. The output of multiplier 306 is 
modulated onto a carrier corresponding to frequency co 0 in 
multiplier 308. The resulting output signal may be transmit- 
ted from a base station to one or more subscriber units. 

[0036] The multi-code CDMA receiver 400 receives an 
input signal which is demodulated in multiplier 402, low- 
pass filtered in integrator 404, and then de -spread using the 
sector-specific spreading code in a multiplier 406 and asso- 
ciated sum element 408. A sampling switch 410 is controlled 
so as to "dump" samples every symbol time. The samples 
are de-spread in multipliers 412-i, i-1, 2, . . . N, and 
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associated sum elements 414-i, using corresponding beam- 
specific codes. Sampling switches 416-i deliver a separate 
output for each of the beam-specific codes. The receiver 400 
may be implemented in a base station to process signals 
received from multiple subscriber units of the system. 

[0037] It should be emphasized that the exemplary wire- 
less systems and devices described herein are intended to 
illustrate the operation of the invention, and therefore should 
not be construed as limiting the invention to any particular 
embodiment or group of embodiments. For example, 
although well suited for implementation in an omni-beam or 
narrow-beam FWL system, the invention can be used in 
other applications. In addition, a system in accordance with 
the invention may include additional elements, such as, for 
example, mobile switching centers (MSCs) for connecting 
one of more of the base stations to a public switched 
telephone network (PSTN), and a memory for storing, e.g. ., 
user data and hijlin g information . Furthermore, it will be 
apparent to those skilled in the art that the transmitters and 
receivers shown herein for purposes of illustrating the 
invention may be implemented in many different ways, and 
may include a number of additional elements, e.g., diplex- 
ers, downconverters, upconverters, signal sources, filters, 
demodulators, modulators, hasehand signal processors , etc., 
config ured in^ a. conventional manner. These and numerous 
other alternative embodiments within the scope of the fol- 
lowing claims will therefore be apparent to those skilled in 
the art. 

What is claimed is: 

1. A method of communicating information in a wireless 
cellular communication system, the method comprising the 
steps of: 

communicating information between a plurality of sub- 
scriber units of the system and a base station in a cell 
of the system over at least one of an uplink and a 
downlink; and 

separating communications on the uplink from commu- 
nications on the downlink using orthogonal frequency 
division multiplexing. 

2. The method of claim 1 wherein the system is a fixed 
wireless loop system. 

3. The method of claim 1 further including the step of 
separating communications with at least a subset of the 
plurality of subscriber units in the cell using at least one of 
a code division multiple access, a time division multiple 
access technique and a frequency division multiple access 
technique. 

4. The method of claim 1 further including the step of 
assigning a first subset of M orthogonal frequency division 
multiplexed carriers to the uplink and a second subset of the 
M carriers to the downlink. 

5. The method of claim 4 further including the step of 
repeating the assigning step for each of a plurality of time 
slots, such that the number of carriers in the first and second 
subsets varies across the time slots in accordance with 
uplink and downlink traffic demands. 

6. The method of claim 4 further including the step of 
applying an inverse Fourier transform operation to generate 
the M orthogonal frequency division multiplexed carriers in 
at least one of a downlink transmitter and an uplink trans- 
mitter of the system. 



7. The method of claim 4 further including the step of 
recovering the M orthogonal frequency division multiplexed 
carriers by applying a Fourier transform operation in at least 
one of a downlink receiver and an uplink receiver of the 
system. 1 

8. An apparatus for communicating information in a 
wireless communication system, the apparatus comprising: 

a base station operative to communicate with a plurality 
of subscriber units in a cell of the system over at least 
one of an uplink and a downlink, wherein communi- 
cations on the uplink are separated from communica- 
tions on the downlink using orthogonal frequency 
division multiplexing. 

9. The apparatus of claim 8 wherein the system is a fixed 
wireless loop system. 1 

10. The apparatus of claim 8 wherein communications 
with at least a subset of the plurality of subscriber units in 
the cell are separated using at least one of a code division 
multiple access, a time division multiple access technique 
and a frequency division multiple access technique. 

11. The apparatus of claim 8 wherein the base station is 
further operative to assign a first subset of M orthogonal 
frequency division multiplexed carriers to the uplink and a 
second subset of the M carriers to the downlink. 

12. The apparatus of claim 11 wherein the base station is 
further operative to repeat the assignment of carriers to 
uplink and downlink for each of a plurality of time slots, 
such that the number of carriers in the first and second 
subsets varies across the time slots in accordance with 
uplink and downlink traffic demands. 

13. The apparatus of claim 11 wherein an inverse Fourier 
transform operation is applied to generate the M orthogonal 
frequency division multiplexed carriers in a transmitter of 
the system. 

14. The apparatus of claim 11 wherein a Fourier transform 
operation is applied to recover the M orthogonal frequency 
division multiplexed carriers in a receiver of the system. 

15. An apparatus for communicating information in a 
wireless communication system, the apparatus comprising: 

a subscriber unit operative to communicate with a base 
station in a cell of the system over at least one of an 
uplink and a downlink, wherein communications on the 
uplink are separated from communications on the 
downlink using orthogonal frequency division multi- 
plexing. 

16. The apparatus of claim 15 wherein the system is a 
fixed wireless loop system. 

17. The apparatus of claim 15 wherein communications 
with at least a subset of the plurality of subscriber units in 
the cell are separated using at least one of a code division 
multiple access, a time division multiple access technique 
and a frequency division multiple access technique. 

18. The apparatus of claim 15 wherein the code division 
duplexing assigns a first subset of M orthogonal frequency 
division multiplexed carriers to the uplink and a second 
subset of the M carriers to the downlink. 

19. The apparatus of claim 18 wherein the assignment of 
carriers to uplink and downlink is repeated for each of a 
plurality of time slots, such that the number of carriers in the 



03/31/2004, EAST Version: 1.4.1 



US 2003/0193925 Al 



6 



Oct. 16, 2003 



first and second subsets varies across the time slots in 
accordance with uplink and downlink traffic demands. 

20. The apparatus of claim 18 wherein an inverse Fourier 
transform operation is applied to generate toe M orthogonal 
frequency division multiplexed carriers in a transmitter of 
the system. 



21. The apparatus of claim 18 wherein a Fourier transform 
operation is applied to recover the M orthogonal frequency 
division multiplexed carriers in a receiver of the system. 



* * * * * 
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